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Introduction 
The funding for this project was interrupted when the PI transferred institutions in 2004.  Funding was 
not reinstated until December of 2005, thus this report covers the period from December of 2005 
through April of 2006.  We have continued to make progress.  As stated in our proposal the aims of 
were to: 
 
- establish the direct effects of individual and combination therapy of DBP-maf and vitamin D in 
vitro using endothelial and prostate cancer cells. (months 1-9) 
 
- to test each drug in vivo, individually and in combination, to establish optimal doses and 
treatment schedules. (months 10-30) 
 
- to characterize the pharmacologic profile of each of the drugs and measure targeting of both 
drugs to the tumor bed. (months 10-36) 
 
The goal of the project is to use DBP-maf, which appears to target to tumor cells and has 
shown to be anti-angiogenic, and vitamin D in combination therapy of prostate cancer.  Vitamin 
D binds to DBP-maf, therefore it represents a potential stategy to indirectly target vitamin D to 
tumor sites without causing the hypercalcemia that high systemic levels of vitamin D are 
known to cause.  Both the tumor cells and the supporting blood vessels would be inhibited 
from growing using the two therapies. 
 
Body 
Our initial aim is to characterize the in vitro activity of DBP-maf and vitamin D on endothelial cells as 
well as tumor cells.  We first tested DBP-maf with LnCaP cells in order to determine whether DBP-
maf had an effect on tumor cell proliferation.  As shown in Figure 1, we observed an ~ 40% reduction 
in the proliferation of LnCaP cells with DBP-maf.  Vitamin D showed ~ 60% reduction but there was 
no observed additive or synergistic effect when the drugs were combined. 
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Figure 1.  DBP-maf inhibits proliferation of LnCaP cells.  LnCaP cells
were plated at 1,000 cells/well in 24 well plates and incubated 
overnight at 37° C in Medium 199 (5% FBS).  Medium was changed to 
serum free medium and dbp-maf (5 ug/ml) and/or vitamin D (0.1 nM)
 was added.  Cells were incubated for 72 hours and quantitated using 
an acid phosphatase colorimetric assay.  Results are plotted +/- s.d. 

 



control DBP-maf vitamin D DBP-maf/vit D
0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

ab
so

rb
an

ce
 (4

05
 n

m
)

Figure 2. DBP-maf and vitamin D show weak inhibition
of proliferation in LnCaP Ln3 metastatic cells.  Ln3 cells 
were plated at a density of 2,500 cells/well in 24 well plates.
Cells were incubated overnight in Medium 199 (5% FBS) at 
37° C.  Medium was changed to serum-free Medium 199. DBP-maf
(5 ug/ml) and/or vitamin D (.01 nM) were added and cells were 
incubated for 72 hours then quantitated using an acid phosphatase
colorimetric assay.  Results are plotted +/- s.d.

 
We then repeated the experiment using the LnCaP Ln3 metastatic cells (Figure 2).  Interestingly, the 
metastatic cells showed little response to the same doses of drugs that inhibited the parental line. 
 
Proliferation studies were then performed to test the ability of DBP-maf to inhibit human endothelial 
cells.  Human umbilical vein endothelial cells (HUVEC) were stimulated to proliferate using serum 
(5% fetal bovine serum) and fibroblast growth factor (FGF-2) a known stimulator of endothelial cell 
proliferation and migration.  As shown in Figure 3, DBP-maf showed weak inhibition of proliferation at 
25 ug/ml.  At lower concentrations there was no observable inhibition.  This is in contrast to the 
inhibition of bovine endothelial cells reported initially (1) and to a recent report by another group using 
human cells (2).  We have found that endothelial cells are extremely sensitive to endotoxin, however, 
and even a picomolar amount in a protein preparation could account for inhibitory activity.  This is a 
possible explanation for the more potent inhibitory activity seen in these earlier studies.  Also, unlike 
these earlier studies, there was an effect on tumor cell proliferation by DBP-maf.  It is not known 
whether the prostate cell lines are more sensitive to maf or whether they possess receptors for maf 
that the pancreatic tumor lines did not.  There has not as yet been a receptor identified for DBP-maf, 
although the thrombospondin receptor has been suggested as a possible site (3).   
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Figure 3.  HUVEC proliferation assay using DBP-maf combined 
with low level vitamin D.  HUVECs were incubated overnight 
(15,000 cells/well) in Medium 199(10% FBS).  Medium was 
changed to 5% FBS with 1 ng/ml FGF-2 and incubated for 72 hours
with vitamin D (0.1 nM) and DBP-maf.  Cells were quantitated using
an acid phosphatase colorimetric assay.  Results are +/- s.d.
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Cell migration is an important step in the growth of new blood vessels.  Using a modified Boyden 
chamber, the ability of DBP-maf to inhibit endothelial cell migration was tested.  As shown in Figure 4, 
DBP-maf at 5 ug/ml inhibited migration by ~ 25% and with the addition of vitamin D inhibited migration 
by ~ 40%. 
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Figure 4.  DBP-maf and vitamin D inhibit endothelial cell 
migration.  Human umbilical vein endothelial cells (150,000/well) 
were added to the top wells of a modified Boyden chamber 
+/- DBP-maf (5 ug/ml) with or without vitamin D (.01 nM).  Fetal 
bovine serum(10%) was added to the bottom wells and cells were 
incubated for 6 hours at 37° C.  Cells that did not migrate were 
removed and migrating cells were quantitated using an acid 
phosphatase colorimetric assay.  Results are plotted +/- s.d.
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Work by Schneider et al (4) had shown that a 14 amino acid peptide of DBP has activity in bone 
formation and suggested that this peptide represented the active sequence of DBP-maf that our 
selective deglycosylation of the native protein exposes.  Because the potential use of a peptide would 



make the synthesis of DBP-maf a great deal easier, we began initial characterization of this peptide to 
determine if it could potentially be used in place of the full length molecule in our studies. 
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Figure 5.  Effect of DBP-maf peptide on LnCaP proliferation.  
LnCaP cells (5,000) were plated overnight in 24 well plates.  
DBP-maf peptide was then added (0% serum) and cells were 
incubated for 72 hours.  Cell numbers were quantitated using 
an acid phosphatase colorimetric assay.  Results are +/- s.d.

 
Proliferation assays using the peptide showed no significant effect on the proliferation of parental 
LnCaP cells (Figure 5).  Assays using the LnCaP metastatic cells also showed no significant effect on 
proliferation by the peptide (Figure 6). 
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Figure 6.  Effect of DBP-maf peptide on metastatic LnCaP
proliferation.  Cells were incubated overnight then peptide
was added.  Cells were incubated for 72 hours and quantitated
using an acid phosphatase colorimetric assay.  results
are +/- s.d.

 
Migration studies were performed to determine whether the peptide had an effect on tumor cell 
migration.  As shown in Figure 7, there was significant inhibition of LnCaP Ln3 cell migration with the 
peptide, exhibiting a possible “U” shaped dose response curve. 
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Figure 7. Effect of DBP-maf peptide on migration of
LnCaP metastatic cells.  Cells (150,000)were plated in the 
upper wells of a modified Boyden chamber +/- peptide.
10% FBS was added to the the bottom chambers and cells
were incubated for 6 hours at 37° C.  Cells that did not migrate
were wiped from the membrane and migrating cells were
quantitated using an acid phosphatase colorimetric assay.
Results are +/- s.d. 

 
The assay was repeated using vitamin D in conjunction with the DBP-maf peptide.  The addition of 
vitamin D alone showed inhibition and increased inhibition was observed with the combination of 
vitamin D and the maf peptide (Figure 8). 
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Figure 8.  Effect of vitamin D and DBP-maf peptide on LnCaP
metastatic cell migration.  Cells (150,000)were plated in the 
upper wells of a modified Boyden chamber +/- peptide with
vitamin D (0.1 nM).  10% FBS was added to the the bottom 
chambers and cells were incubated for 6 hours at 37° C.  Cells 
that did not migrate were wiped from the membrane and 
migrating cells were quantitated using an acid phosphatase 
colorimetric assay.  Results are +/- s.d.  

 
 
Although there is some evidence that the DBP-maf peptide has activity in the inhibition of migration, 
there is so far no data that would suggest that there is any binding affinity between the peptide and 
vitamin D.  This would be important in the strategy that we initially proposed which used DBP-maf not 
only as a therapy in and of itself, but also as a carrier of vitamin D to enable effective doses of the 
vitamin to be targeted to tumor sites without having to use the high systemic concentrations that 
cause hypercalcemia. 
 
Key Research Accomplishments 
The key elements that have been discovered so far in the project have been to characterize the in 
vitro activity of the DBP-maf peptide and full length protein.  These assays will be key indicators to 
develop initial conditions for the in vivo tumor models.  Although there are no mechanisms that have 
been shown to be specifically responsible for DBP-maf activity we are beginning to demonstrate 
activity based on these in vitro assays that will likely explain its method of action.  For example, the 
inhibition of tumor cell migration shown in Figures 7 and 8 may be important in the inhibition of tumor 
metastasis. 
 
Reportable Outcomes 
Since the project is very early in its inception due to delayed transfer of the grant to a new institution, 
there are no publications yet resulting from this study, however the data we have accumulated is now 
being assembled for publication and we anticipate more in the future.  We have made, and continue 
to make progress in characterizing the protein.  This will be important in developing an optimal 
treatment strategy, and in determining the potential of creating synthetic drugs that would likely be 
easier to manufacture. 
 



Conclusions 
We have shown that DBP-maf has direct effects on tumor cells in addition to its already reported 
activity on endothelial cells.  This activity has so far been demonstrated in the inhibition of tumor cell 
migration, a crucial element of tumor metastasis.  We will continue to explore the mechanisms 
responsible for this inhibition as we begin the in vivo studies using the two parental prostate tumor 
lines and the two metastatic lines derived from them. 
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